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Course: MPZ 3231-Engineering Mathematics IA                      Model Answer No·03  

 Academic Year – 2014/2015 

1) Let     � � cos � � � sin �     � ∈ 
 ,                  �� � �cos � � � sin ��� � cos �� � � sin ��   � ∈ �� 

Let � � 0           � � ��            � � 0 �� � �cos � � � sin ��� � �cos � � � sin ����       � 1�cos � � � sin ��� � 1cos �� � � sin ��              � ∈ �� 

      � �cos �� � � sin ����cos �� � � sin ����cos �� � � sin ���       � cos �� � � sin ��       � cos����� � � sin�����       � cos �� � � sin �� 

 � � cos 2�3 � � sin 2�3           let   #$ � 1 � 0 

�$ � %cos 2�3 � � sin 2�3 &$ � cos 2� � � sin 2� � 1 ∴  �$ � 1 � 0 ∴  � satisfy the equation  #$ � 1 � 0 � � cos 2�3 � � sin 2�3  

�( � %cos 2�3 � � sin 2�3 &( � cos 2)�3 � � sin 2)�3  

��(�$ � %cos 2)�3 � � sin 2)�3 &$ � cos 2)� � � sin 2)� � 1     ) ∈ �  
�*( � %cos 2�3 � � sin 2�3 &*( � cos 4)�3 � � sin 4)�3  

��*(�$ � %cos 4)�3 � � sin 4)�3 &$ � cos 4)� � � sin 4)� � 1   �(and �*(  satisfy the equation  #$ � 1 � 0 

 1 � �( � �*( � 1 � cos 2)�3 � � sin 2)�3 � cos 4)�3 � � sin 4)�3  

                               � 1 � cos 2)�3 � cos 4)�3 � � %sin 2)�3 � sin 4)�3 & 

                               � 1 � 2 cos )� cos )�3 � 2� ,sin )� cos )�3 - 

Department of Mathematics & Philosophy of Engineering 

Faculty of Engineering Technology 

The Open University of Sri Lanka 

Nawala - Nugegoda 



2 

 

                               � 1 � 2 cos )� cos )�3              since    sin )� � 0  
When ) even     cos )� � 1       cos )�3 � 12 

When ) odd     cos )� � �1       cos )�3 � 12                    ) is not a multiple of 3 

∴ ) ∈ �              cos )� cos )�3 � � 12  ∴ 1 � �( � �*( � 0 

 7�#� � 1 � # � #* � #$ 7�1� � 4 7��� � 1 � � � �* � �$ 

Since 1 � �( � �*( � 0       ) ∈ �           ) is not a multiple of 3 7��� � 1 7��*� � 1 � �* � ��*�* � ��*�$ 7��� � 1 � �* � �8 � �9                                �$ � 1             � 1 � �* � � � �$                                  �9 � 1            � 1 � 0            � 1 �1 � # � #* � #$�� � :; � :<# � :*#* � :$#$ � :8#8�. . �:$��*#$��*                                                                                            �:$��<#$��<  � :$�#$� 

When # � 1 4� � :; � :< � :* � :$ � :8�. . �:$��*  � :$��< � :$� � � � �1� 

When # � � �1 � � � �* � �$�� � �0 � �$�� � �$� � 1 1 � :; � :<� � :*�* � :$�$ � :8�8�. . �:$��*�$��* � :$��<�$��<  � :$��$�                                                                                             1 � :; � :<� � :*�* � :$ � :8��. . �:$��*� � :$��<�*  � :$�   � � � �2�                                                                                                                                            
When # � �* �1 � �* � ��*�* � ��*�$�� � �1 � �* � � � �$�� � 1 1 � :; � :<�* � :*�8 � :$�9 � :8�>�. . �:$��*�9��8                                                                                    �:$��<�9��*  � :$��9� 1 � :; � :<�* � :*�8 � :$ � :8�*�. . �:$��*�*  � :$��<� � :$� � � � �3� 

 �1� � �2� �  �3� 4� � 2 � 3:; � :<�1 � � � �*� � :*�1 � �* � �� � 3:$ � :8�1 � � � �*� � 

                                                     . . �:$��* �1 � � � �*� � :$��< �1 � �* � �� � 3:$� 

Since 1 � � � �* � 0 3�:; � :$ � :9�. . �:$�� � 4� � 2 :; � :$ � :9�. . �:$� � 13 �4� � 2� 
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 �1� � �2� ? �* �  �3� ? �$ 4� � �* � � � :;�1 � �* � �� � :<�1 � �$ � �$� � :*�1 � � � �*�                           �:$�1 � � � �*� � :8�1 � �$ � �$��..                         . . �:$��* �1 � �$ � �$� � :$��< �1 � � � �*� � :$��1 � �* � �� 

Since 1 � �$ � �$ � 0   and    1 � �* � � � 0                            � �:< � :8�. . �:$��<�3 13 �4� � 1� � �:< � :8�. . �:$��<� 

 �1� � �2� ? � �  �3� ? �* 4� � ���* � :;�1 � � � �*� � :<�1 � �* � �� � :*�1 � �$ � �$�                           �:$�1 � � � �*� � :8�1 � �* � ���..                         . . �:$��* �1 � �* � �� � :$��< �1 � �$ � �$� � 3:$��1 � � � �*� 

Since 1 � � � �* � 0   and          �$ � 1 4� � � � �* � �:* � :@ � :>. . �:$��*� 13 �4� � 1� � �:* � :@ � :>�. . �:$��<� 

 

b) Let � � # � �A  arg�� � �� – arg�� � ��  � arg %� � �� � �& � � �� � � � E# � �A � 1��# � �A � 1��F     # � �A � 1��# � �A � 1�� � #* � �A* � 1� � #G�A � 1� � �A � 1�H�#* � �A � 1�*  

           � #* � A* � 1#* � �A � 1�*  �   2#�#* � �A � 1�* 

∴ arg %� � �� � �& � θ               tan θ � 2##* � A* � 1 

If θ � π4       tan π4 �  1 

∴ 2##* � A* � 1 � 1 

#* � A* � 2# � 1 � 0                 K ≡ �1,0�       ) ≡ √2 
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If  � � ��      O�PO�P � 0    arg ,O�PO�P- � arg�0�  is not defined 

When   � � �         O�PO�P  is not defined. ∴  The locus of P is arc of a circle without the point Q and R. 

The centre of the circle S ≡ �1,0� and the radius is √2 

arg�� � 1� � �3 ∴ The locus of T is a straight line. 

The equation 
UV�< � √3 A � √3�# � 1�,   # � 1 

 #* � A* � 2# � 1 � 0 �# � 1�* � A* � 2 % A√3&* � A* � 2 A* � 3A* � 6 4A* � 6 

A � XY32            but # � 1      ∴   A � Y32  
A � √3�# � 1� 

Y32  � √3�# � 1� 

# � 1 � 12 � 32 

∴  $* � [$*  �  is the required complex number. 

 

 

 

 

� 

�1,0� 

�� R 

�3 

Q 

arg�� � �� � arg�� � �� � �4 

arg�� � 1� � �3 
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2.  

a).  � � )\cos � � � sin �] 

    � )\cos�2^� � �� � � sin�2^� � ��]  where ^ ∈ � �_ � �<8 � G)\cos�2^� � �� � � sin�2^� � ��]H<8      � )<8 `cos %2^� � �4 & � � sin %2^� � �4 &a 

∴ �_8 � b)<8 `cos %2^� � �4 & � � sin %2^� � �4 &ac8
 

            � ) `cos 4 %2^� � �4 & � � sin 4 %2^� � �4 &a 

           � )\cos�2^� � �� � � sin�2^� � ��] 
           � )\cos � � � sin �]           � �             for ^ � 0,1,2,3 
 �; � )<8 `cos �4 � � sin �4a 

�< � )<8 `cos %2� � �4 & � � sin %2� � �4 &a 

�* � )<8 `cos %4� � �4 & � � sin %4� � �4 &a 

�$ � )<8 `cos %6� � �4 & � � sin %6� � �4 &a 

 

 �_ � 16<8 � 24<8 `cos 2^�4 � � sin 2^�4 a �; � 2\cos 0 � � sin 0] � 2 �< � 2 dcos �2 � � sin �2e � 2� �* � 2\cos � � � sin �] � �2 �$ � 2 `cos 3�2 � � sin 3�2 a � �2� 
%16<8&* � 2* � 4                � �2��* � �4                � ��2�* � 4                � ��2��* � �4 

 

 %16<8&* � 256 � 48 

 16 � 28�cos 2^� � � sin 2^�� 16* � 48�cos 4^� � � sin 4^�� 
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�16*�<8 � G48�cos 4^� � � sin 4^��H<8               � 4�cos ^� � � sin ^�� 

 

�; � 4 �< � �4 �* � 4 �$ � �4 
 ∴ The set of values of ,16gh-*

 is a proper subset of values of �16*�gh 

b)  

� � 1 � sin � � � cos �1 � sin � � � cos � � cos* �2 � sin* �2 � 2 sin �2 cos �2 � � ,cos* �2 sin* �2- cos* �2 � sin* �2 � 2 sin �2 cos �2 � � ,cos* �2 sin* �2-  

   � ,cos �2 �sin �2-* � � ,cos �2 �sin �2- ,cos �2 �sin �2- 
,cos �2 �sin �2-* � � ,cos �2 �sin �2- ,cos �2 �sin �2-  

   � ,cos �2 �sin �2- � � ,cos �2 �sin �2- ,cos �2 �sin �2- � � ,cos �2 �sin �2-  

   � ,cos �4 cos �2 � sin �4 sin �2- � � ,cos �4 sin �2 � cos �4 sin �2- ,cos �4 cos �2 � sin �4 sin �2- � � ,sin �4 cos �2 � cos �4 sin �2-  

    � cos ,�4 � �2- � � sin ,�4 � �2- cos ,�4 � �2- � � sin ,�4 � �2-  

    � bcos %�4 � �2& � � sin %�4 � �2&c bcos %�4 � �2& � � sin %�4 � �2&c 

    � cos %�4 � �2 � �4 � �2& � � sin %�4 � �2 � �4 � �2& 

    � cos ,�2 � �- � � sin ,�2 � �-     � sin � � � cos � 

i) ,1 � sin i@ � � cos i@-@ � � ,1 � sin i@ � � cos i@-@ � 0 

� jk1 � sin �5 � � cos �51 � sin �5 � � sin �5l@ � �m � � ,1 � sin �5 � � cos �5-@
 

� b,sin �5 � � cos �5-@ � �c ,1 � sin �5 � � cos �5-@
 

� n%cos 3�10 � � sin 3�10&@o � � ,1 � sin �5 � � cos �5-@
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� b%cos 3�2 � � sin 3�2 & � �c ,1 � sin �5 � � cos �5-@
 

� G�0 � �� � �H ,1 � sin �5 � � cos �5-@
 � 0 

ii.  

� � E√2 � 1 � �√2 � 1 � �F<8 � p1 � 1√2 � 1√2 �
1 � 1√2 � 1√2 �q

<8 � r1 � cos �4 � � sin �41 � cos �4 � � sin �4s
<8
 

      � ,sin �4 � � cos �4-<8 � ,cos �4 � � sin �4-<8
 

� tcos ,2^� � �4- � � sin ,2^� � �4-u<8
 

� bcos ,2^� � �4- 14 � � sin ,2^� � �4- 14c 

 

�; � cos �16 � � sin �16 

 �< � cos 9�16 � � sin 9�16 

 �* � cos 17�16 � � sin 17�16  

 �$ � cos 25�16 � � sin 25�16  

 

3.  
x % 1� � 1& � 12 

Let                � � # � �A                               � � 1 � �# � 1� � �A 
 1� � 1 � 1�# � 1� � �A ? �# � 1� � �A�# � 1� � �A 1� � 1 � �# � 1� � �A�# � 1�* � A* �� �# � 1��# � 1�* � A* � � A�# � 1�* � A* 

∴ 
x % 1� � 1& � �# � 1��# � 1�* � A* � 12   2# � 2 � �# � 1�* � A* #* � A* � 1 

When � � �1 ⟺ # � �1, A � 0  satisfy the equation #* � A* � 1 � 0 
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But when � � �1, <O�<   is not defined 

∴ 
x % 1� � 1& � 12 � representing the circle #* � A* � 1 without the point ��1,0� 

 arg��; � 1� � 5�6 ⟺ A;#; � 1 � tan 5�6 � � 1√3 

A; � � 1√3 �#; � 1�;     #; � 1  
Locus of 
x , <O�<- � <* 

 

 

 

 

 

 

 

 

 

 

 

 

 A; � � 1√3 �#; � 1� #;* � A;* � 1 

#;* � `� 1√3 �#; � 1�a* � 1 

#;* � 13 �#; � 1�* � 1 3#;* � �#; � 1�* � 3 2#;* � #; � 1 � 0 �2#; � 1��#; � 1� � 0 

 

#; { 1        #; � � 12            A; � � 1√3 %� 12 � 1& � √32  

  �|  � }� 12 , √32 �~ 

 

 

 

� 

1 � 0� 

�� 

Locus of 
x % 1� � 1& � 12 arg��; � 1� � 5�6  Q 
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b) �<  � )<�cos �< � � sin �<�           �*  � )*�cos �* � � sin �*� |�<|  � )<           |�*| � )* �< � �* � �)<  cos �< � )* cos �<�  � ��)< sin �< � )* sin �*� |�< � �*|* � �)<  cos �< � )* cos �<�*  � ��)< sin �< � )* sin �*�* |�< � �*|* � )<* � )** � 2)<  )* cos��< � �*� � � � �Q�  
 |1 � �*�<|*,         �* � )*�cos �* � � sin ��*�   �< �* � )<)*Gcos��< � �*� � � sin��<��*�H   
 

For |1 � �*�<|* by comparing with �Q� )< � 1        �< � 0  )< � )<)*         �* � �<��* 

 |1 � �*�<|* � 1 � �)<)*�* � 2 ? 1 ? )<)*�cos�0 � ��< � �*���  |1 � �*�<|* � 1 � )<*)** � 2)<)*Gcos��< � �*�H � � � �R� �R� � �Q� |1 � �*�<|* � |�< � �*|* � 1 � )<*)** � 2)<)*Gcos��< � �*�H                                                                         � G)<* � )** � )<  )* cos��< � �*�H                                               � 1 � )<*)**  � )<* � )**                                               � �1 � )<*��1 � )**� |1 � �*�<|* � |�< � �*|* � �1 � |�<|*��1 � |�*|*� 

 

c)  

i) |� � 3�|* � |� � 3�|* � 10 � � # � �A |� � 3�|* � #* � �A � 3�* |� � 3�|* � #* � �A � 3�* |� � 3�|* � |� � 3�|* � #* � �A � 3�* � #* � �A � 3�* � 10 12A � 10 A � 56 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

�� � 

|� � 3�|* � |� � 3�|* � 10 

�x � 

�1 
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ii. |� � 3�| � |� � 3| 
 #* � �A � 3�* � �# � 3�* � A* # � A � 3 

 

 

 

 

 

 

 

 

 

 

4.  

a) T��� � the probability of that eligible for voting men 

 T��′� � the probability of that eligible for voting women T��� � T��′� � 1                            T��′� � 2 T���  ∴  T��� � <$         T��′� � *$ 

 

 

 

 

 

 

 

 

 

 

 

 

 T��/�� � 12 

T��/�′� � 78 T��� � T��/������ � T��/�′����′�           � 12 ? 13 � 23 ? 78 

          � 1824 

          � 34 

 

 

 

 

 

|� � 3�| � |� � 3| 

�� � 

�x � 

�3� 

3 

13 � 

�′ 
�′ 
� 

� 

�′ 

12 

23 

78 

12 

18 
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i. For the random group of 4 inhabitants the probability that just one of the votes                                                                                  � 8S< %34& %14&$
 

                                                                                 � 4 ? 3256 � 364 

 

ii. The probability that two or more vote � 1 � b 8S; ,<8-8 ,$8-; �8S< ,<8-$ ,$8-<c 

                                                                      � 1 � b4 ? 1256 � 4 ? 3256c 

                                                                      � 1 � 13256 

                                                                      � 243256 

iii. Probability that man votes for married couple T�Q� � 
8@ 

Probability that woman votes for married couple T�R� � 
9� 

Given that T�Q/R� � 
*<*@    T�R/Q� � 

�<; T�Q� � T�Q ∩ R ∪  Q ∩ R′� � T�Q ∩ R� � T �Q ∩ R′�      45 � T�Q ∩ R� � T �Q ∩ R′� � � � �1� T�R� � T�Q ∩ R ∪  Q′ ∩ R� � T�Q ∩ R� � T �Q′ ∩ R�      910 � T�Q ∩ R� � T �Q′ ∩ R� � � � �2� 

T�Q/R� � T�Q ∩ R�T�R�   T�Q/R� � T�Q ∩ R�T�R�  
 2125 ? 67 � T�Q ∩ R� 

∴ T�Q ∩ R� � 1825 

 

The probability that husband and wife both vote � 
<>*@ 

iv. From �1�  T �Q ∩ R′� � 45 � T�Q ∩ R� 

                     � 45 � 1825 � 225 

 ∴ The probability that a husband vote and his wife does not vote �   
**@  

The probability that a wife vote and his husband does not vote T�Q′ ∩ R�                                                                                                                              � 67 � 1825 � 24175 
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No of vote # 0 1 2 

Probability T�#� 11175 
225 � 24175 

� 38175 

126175 

 

 

 

Expectation � �\��#P�]�#P�*
P�;  

                        � 0 ? 11175 � 38175 ? 1 � 126175 ? 2 

                        � 290175 

                        � 5835 

 

 

 

b.  

 # 6 7 8 9 10 T�#� 336 
1236 

1236 
836 

136 

 T�6� �  $S*�S* � 336 � 112 

T�7� �  $S< ?8 S<�S* � 1236 � 13 

T�8� �  $S< ?* S< ?8 S*�S* � 1236 

T�9� �  *S< ?8 S<�S* � 836 � 29 

T�10� �  *S*�S* � 136 

��#� � � � 6 ? 3 � 7 ? 12 � 8 ? 12 � 9 ? 8 � 10 ? 136  

��#� � 28036 � 709  

�:)�#� � �* � ��#( � ��T�#(� 

�:)�#� � �* � ��#*� � G��#�H* 

3 3 3 4 4 4 4 5 5 
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               � 36 ? 3 � 49 ? 12 � 64 ? 12 � 81 ? 8 � 100 ? 136 � %709 &*
 

               � 0.951            � � √0.951               � 0.975 

The probability that the second value of # greater than or equal to the first value of # 

� 336 ? 336 � 1236 ? 1536 � 1236 ? 2136 � 836 ? 3536 � 136 ? 3636 

� 9 � 180 � 324 � 280 � 3636 ? 36  

� 82936 ? 36 � 0.640 

c.  

i. ��� � #� � :#* � �                 0 � # � 4 ��� � 0� � 1                                  ��� � 4� � 0  :0* � � � 1                                     :4* � � � 1      
� � 1                                               : � �116  

��#� � %1 � 116 #*& 

��#� � �#*16            0 � # � 4 1                     # � 4               � 
 

ii. The probability density function � 7 �#� �  
���V��V  

                                                                          � 2#16 

                                                                          � #8 

7�#� � E#8            0 � # � 4 0               othewise              � 
 

iii.  

��#� � ¡ #7�#�¢# � ¡ # #8 ¢#8
; � n#$24o;

8 � 6424 � 83 
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iv.  

�* � ¡ %# � 83&* 7�#�¢#8
; � ¡ %# � 83&* #8 ¢#8

;  

      � ¡ }#$8 � 2#*3 � 8#9 ~* ¢#8
; � n#832 � 2#$9 � 8#*18 o;

8
 

       � 25632 � 1289 � 12818  

       � 8 � 1289 � 649 � 89 

�V � Y89 � 2√23  

v.  

T£�¤¥V¥£�¤ � T>�*√*$ ¥V¥>�*√*$ � ¡ #8 ¢#>�*√*$>�*√*$  

n#*16o>�*√*$
>�*√*$ � 116 ¦}8 � 2√23 ~* � }8 � 2√23 ~*§ 

                                      �  1144 �64�√3 � 4√39  


